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Army Needs in Reliability, Maintenance 
and Logistics 

. …..Published studies and audits have documented that reliability 

has a significant impact on mission effectiveness, 

logistics effectiveness, and life-cycle costs….” 
 

General, United States Army 

Vice Chief of Staff 

Excerpts from Memorandum dated 27 Mar 2004 

 Reduce operations and maintenance costs 

 Increase effectiveness of fleet logistics 

 Control lifecycle cost and also use it in design and 

procurement 

 Improve availability; schedule maintenance 
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Background 

Vehicle Input Output 

Uncertainty 

(Quantified) 
Uncertainty 

(Calculated) 

Propagation 

Design 
•  Random Variable (Time-Independent) 

•  Random Process (Time-Dependent) 

Challenges: 

•  Quantification of a Random Process 

•  Estimation of time-dependent reliability 
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Research Statement 

 Develop methodologies to assess and improve the   

    reliability / durability of vehicle systems using 

• Experimental (field) data  

• “Expert” opinion 

Previously and 

currently at 

TARDEC 

• Predictive tools (physics-of-failure data) 

 Use methodologies in design for lifecycle cost and 

     preventive maintenance 

Current research 
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Background 

Time t 
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Random Process 

(Field) 

Random Process leads to Time-Dependent Reliability 

Vehicle 
Input 

Random 

Process 

Output 

Random 

Process 
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What is Reliability? 
Cumulative Probability of Failure 

0 Lt time 

 L

c

T tF

Time-Variant Reliability 

0 Lt time 

 L

i

T tF

Time-Invariant Reliability 



Cumulative 

Prob. of Failure 
       0,,,0  ttgthatsuchttPtF LL

c

T X

Instantaneous Prob. of Failure      0,  LLL

i

T ttgPtF X

 Reliability at time t is the probability that the system 

has not failed before time t. 
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Calculation of Cumulative 
Probability of Failure 

  0max  yyg tX

Time-independent composite limit state is defined as:  
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Niching GA & Lazy Learning Local Metamodeling 

MPPp 

MPP2 

U1 

U2 

O 

MPP1 

Safe domain 

  G(U) > 0 

G1(U) = 0 

G2(U) = 0 

MPPq 

Niche 1 

Niche 2 

Niche q 

Niche p 

Failure domain 

   G(U) < 0 
Failure domain 

   G(U) < 0 

 Observations: 

 Niche center is an 

approximate MPP 

 Niching GA finds ALL 

approximate MPPs 

 Local metamodels are driven by Niching GA 

exploration for multiple MPPs 

  Error control using cross-validation 

Calculation of Cumulative 
Probability of Failure 
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Lifecycle Cost = Production Cost 

                           + Inspection Cost 

             + Expected Variable Cost 

Quality Time-Dependent System Reliability 

Definition of Lifecycle Cost 
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PDF of time to 

failure time 

Definition of Lifecycle Cost 
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Design Using Lifecycle Cost 

 Using a Target System Reliability in Time 
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 Estimation of Time for Preventive Maintenance 

Design Using Lifecycle Cost 
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Design of a Roller Clutch 

  0cos05.0,, 1

1 











 

dA

dD
AdDg

  017.0cos,, 1

2 











 

dA

dD
AdDg

  006400
)(2

,,
22

22
2

1

4 






























 E

AB

AB

A

S

dD

Dd

c

N
AdDg c



  01
)(4

3000,, 2
2

2

1

3 











 S

dD

dD

c
NLAdDg c

Constraints: 

Contact angle 06.011.0  rad 

Hoop stress MPah 400

Torque 3000 Nm 

Due to degradation: 
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Random Variables: D, d, A 
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Roller Clutch: Problem Statement 

Minimize 

Lifecycle Cost 
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Roller Clutch: Problem Statement 
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Roller Clutch: Results 

Initial Design vs. Case 1 Case 1 vs. Case 2 and Case 3 

Initial 

Design 

Optimal Design 

Case 1 Case 2 Case 3 

Objective Total Cost 28.2275 23.876 24.5440 21.1896 

Production Cost 17.3900 21.3340 23.4446 19.9383 

Inspection Cost 0.7677 0.0260 0.0260 0.6596 
Expected Variable 

Cost 
10.0697 2.5161 1.07340 0.5918 
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A Practical Issue 

Vehicle speed : 20 mph;  Mission distance : 100 miles 
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Simulation can be practically performed for a 

short-duration time 
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A novel MC-based method has been developed 

to calculate the time-dependent reliability 

(cumulative probability of failure) using short-

duration data based on: 

  Exponential extrapolation 

  Poisson’s distribution 

Solution to Practical Issue 
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Time-Series Modeling 

AR,    ARIMA,     GARCH,      …. 

ipipiii uuuuuuuu    )(...)()( 2211

Must estimate  
2, ep 

Can characterize a stationary or non-stationary 

input Random Process 
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Quarter-Car Model on Stochastic Terrain 

ms 
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ks bs 

bt kt 

u(t) 

xu 

xs 

Random Input variables 

)1400,7000(~ 2NbsDamping, 

Stiffness, ))104(,1040(~ 233 Nks

Random Input Process: Experimental Stochastic 

Terrain from Yuma Proving Grounds. 
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Quarter-Car Model: Road  
Input Random Process Characterization 

AR(3) model was identified based on: 
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Statistical tests were performed to verify the model 
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Quarter-Car Model: Results  
(Failure Rate Estimation for Threshold = 2G) 

Estimated parameters: 
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PHI2 method

Quarter-Car Model: Results 
Cumulative Probability of Failure for Threshold = 2G 

Efficient MCS (blue)  approach is close to 

true MCS results (red) 
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true MCS results (red) 

Quarter-Car Model: Results 
Cumulative Probability of Failure for Threshold = 2.65 G 
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Summary 

 

 Time-dependent reliability methodologies have been 

developed using math-based models. 

 

 An approach to design for lifecycle cost and preventive 

maintenance has been developed. 

 

 A novel MC-based approach was developed, using 

short-duration data,  to compute time-dependent 

reliability in the presence of an input random process. 

 

 Examples demonstrated the developed methods. 
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 Develop an importance sampling  method to 

improve the computational effort in estimating the 

time-dependent reliability of systems with a 

stationary and non-stationary input random 

process (June 2010). 

 Demonstrate potential of developed methods in 

preventive maintenance (August 2010). 

 Combine current research developments with 

existing or under development efforts at TARDEC 

in reliability area (December 2010). 

 

Future Work 
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Q & A 

Thanks for your 

attention ! 

**Disclaimer:  Reference herein to any specific commercial company, product, process, or service by trade name, trademark, 

manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, recommendation, or favoring by the 

United States Government or the Department of the Army (DoA).  The opinions of the authors expressed herein do not 

necessarily state or reflect those of the United States Government or the DoA, and shall not be used for advertising or product 

endorsement purposes.** 


